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C BY-NC-Abstract Multiple equilibrium studies by pH-metric measurements in the ternary copper(II) com-
plexes with ampicillin(amp) as ligand A and glycine(gly), DL-2-aminobutanoic acid(2aba), DL-3-
aminobutanoic acid(3aba), 1,2-diaminopropane(dp), 1,3-diaminopropane(tp), DL-2,3-diaminoprop-
anoic acid(dapa), DL-2,4-diaminobutanoic acid(daba) & DL-2,5-diaminopentanoic acid(ornithine)
(orn) as ligands B show the presence of CuABH, CuAB or CuAH1 B ternary complex species.
In the CuAB species the binding of the ligands A and B is similar to their binding in their respective
binary complexes. In CuABH1 species the deprotonation occurs with amp(A) ligand. The Dlog
K values indicate higher stabilities for the ternary complexes than the binary species. The CuAB
species with B = gly, 2aba, dapa & orn have been isolated and characterized. The conductivity
measurements indicate that the complexes are non-electrolytes. Magnetic susceptibility and elec-
tronic spectral data suggest a square pyramidal geometry for CuAB with B = gly/2aba complexes
and distorted octahedral geometry for CuAB with B = dapa/orn. The vibrational spectra are inter-
preted to ﬁnd the mode of binding of ligand to metal. The TG/DTA studies reveal that the com-
plexes decompose in three steps, indicating non-involvement of hydrated or coordinated water
molecules in the complex. The cyclic voltammograms indicate a quasi reversible Cu2+/Cu+ couple.
The antimicrobial activity and CT-DNA cleavage ability of the complexes show higher activity for
ternary complexes.
ª 2011 King Saud University. Production and hosting by Elsevier B.V.4435 40046.
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ND license.1. Introduction
The chemistry of b-lactum antibiotics in relation to their bio-
logical activities has been shown considerable interest in recent
years (Zhang and Shi, 2006; Anderegg et al., 2005; Knobloch
et al., 2003). Biological metal ions play key roles in the struc-
tural organization and activation of certain enzymes, which
are involved in the transfer of genetic information from
DNA, leading to the synthesis of speciﬁc proteins (Matagne
et al., 1999; Bush, 1998; Concha et al., 1997). It is well known
that ternary complexes play an important role in biological
248 S. Regupathy, M. Sivasankaran Nairprocesses, as exempliﬁed by many instances in which enzymes
are known to be activated by metal ions (Lenhart et al.,
2000). Ternary complexes have also been implicated in the stor-
age and transport of active substances through biological mem-
branes. These phenomena strongly depend upon the formation
of higher order complexes (Grzybowski, 2000; Plateeuw, 2006;
Christiane et al., 2005). Ampicillin, a penicillin group of phar-
maceuticals shows antibiotic properties by virtue of its ability
to inhibit the protein synthesis (Kraatz and Nolte, 2006; Bori-
senko et al., 2006). However, convincing information on the
nature of bonding with metal ions in the presence of antibiotics
is still lacking. The penicillin family of antibiotics exerts its anti-
bacterial action by the competitive inhibition of the enzyme
dihydropterase synthetase towards the substrate (Anderton
et al., 2004). Several authors have reported the antimicrobial
activity of amino penicillin drug and its metal complexes (Azza
Abu-Hussen and Linert, 2009; Chohan et al., 2004). Studies on
its metal chelates have much physiological and pharmacologi-
cal relevance because the metal chelates of amino penicillin
drug have been found to be more bacteriostatic than the drugs
themselves (Anacona et al., 2002). With a view to throw more
light upon the interaction of amino penicillin drug with the
transition metal ions, a systematic study on the interaction of
Cu(II) with commonly used amino penicillin drug viz.
ampicillin(amp)(A) in the presence of glycine(gly), DL-2-amin-
obutanoic acid(2aba), DL-3-aminobutanoic acid(3aba) 1,
2-diaminopropane(dp), 1,3-diaminopropane(tp), DL-2,3-diami-
nopropanoic acid(dapa), DL-2,4-diaminobutanoic acid(daba) &
DL-2,5-diaminopentanoic acid (ornithine) (orn)(B) (Fig. 1) hasCH
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Figure 1 Structurebeen undertaken in the solution state. The Cu(II)-amp(A)-
gly, 2aba, dapa & orn(B) complexes have also been synthesized
and were characterized using micro analytical, conductance,
magnetic susceptibility, electronic and vibrational spectral
analysis. The ESR, TG and DTA, and electrochemical studies
of Cu(II)-amp(A)-gly & dapa(B) complexes have also been
carried out. The biological activity of these complexes was
tested against bacteria Salmonella typhi, yeast Saccharomyces
cerevisae and fungi Lapsiodiplodia theobrome and Fusarium
oxysporum using DMF as control. The DNA cleavage activity
of the complexes was tested against CT DNA using gel electro-
phoresis in the presence of H2O2.
2. Experimental
2.1. Materials and physical measurements
All the ligands used were extra pure Fluka products. Doubly
distilled conductivity water was used for the preparation of
all solutions. The pH titrations were carried out at 37 C and
I= 0.15 mol dm3 (NaClO4) under nitrogen with a digital
pH metre with glass and calomel combined electrode assembly
as described earlier (Irving et al., 1967; Nair and Santappa,
1981; Nair et al., 1982). Titrations on the ternary complex sys-
tems were done as 50 ml portions of solutions containing low
concentrations (0.002 & 0.0025 M) of Cu(ClO4)2, amp (A)
and ligand (B) in 1:1:1 and 1:1:2 ratios with known volumes
of standard CO2 – free NaOH. The auxiliary data in the Cu(II)
– amp-gly, 2aba, 3aba, dp, tp, dapa, daba & orn binaryCH2
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of the ligands.
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thy and Nair, 2010; Nair et al., 1980, 1997). The pH proﬁles
obtained were processed using SCOGS computer programme
(Sayce, 1968; Sayce and Sharma, 1972) and the results are gi-
ven in Table 2.
2.2. Preparation of complexes
The CuAB complexes in Cu(II)-amp(A)–gly, 2aba, dapa &
orn(B) systems were prepared by mixing 199 mg (5 mmol) of
copper acetate in 20 ml of water, 350 mg (5 mmol) of amp in
20 ml water and 15/103/104/132 mg (5 m mole) of gly/2aba/
dapa/orn in 20 ml water. The pH of the reaction mixture
was maintained at 6.0 by adding few drops of 0.002 M NaOH.
The contents were kept in a water bath maintained at 60 C
with constant stirring. The precipitated solid complexes wereTable 1 Stability constants for proton and parent binary complexes
at 37 C and I= 0.15 mol dm3 (NaClO4).
Parameters Ligand B
ampa,* glyb 2abac 3abac
log bHB 6.83(1) 9.45(2) 9.43(1) 9.95(1)
log bH2B 9.72(5) 12.10(6) 11.54(1) 13.30(1)
log bH3B – – – –
log bCuBH – – – –
log bCuB 4.90(9) 8.45(4) 8.10(2) 7.16(2)
log bCuBH1 1.57(9) – – –
log bCuB2H2 – - – –
log bCuB2H 15.54(8) – – –
log bCuB2 9.05(8) 15.54(5) 15.13(9) 12.90(4)
pKHCuBH – – – –
pKHCuB2H 5.49 – – –
pKHCuAH1 6.47 – – –
log KCuBCuB2 4.15 7.09 7.03 5.74
* amp becomes ligand (A) in ternary complex systems.
a Regupathy and Nair (2010).
b Nair et al. (1980).
c Nair et al. (1997).
Table 2 Stability constants for the Cu(II)-amp(A)-gly, 2aba, 3aba,
I= 0.15 mol dm3 (NaClO4). Standard deviations are given in the p
Parameters Ligand B
gly 2aba 3aba dp
log bCuABH – – – –
log bCuAB 13.68(6) 13.14(9) 12.24(9) 15.5
log bCuABH1 7.12(8) 6.89(7) 5.75(8) 9.02
pKHCuABH – – – –
pKHCuAH1B 6.56 6.25 6.49 6.54
log KCuACuAB 8.78 8.24 7.34 10.6
log KCuBCuAB 5.23 5.04 5.08 5.11
log KCuBHCuABH – – – –
log KCuAH1CuABH1 8.69 8.46 7.32 10.5
D log KCuABH – – – –
D log KCuAB 0.33 0.14 0.18 0.21
log bCuABH1 0.24 0.06 0.16 0.14ﬁltered, washed with water and ether. It was further recrystal-
lised using ethanol and the products were dried in vacuum over
fused calcium chloride.
The microanalysis was performed using Heraeus micro
analyser. Magnetic susceptibility measurements were carried
out using Gouy balance at 304 K using mercury tetra(thiocy-
anato)cobaltate(II) as a calibrant. Conductivity measure-
ments were carried out at room temperature on freshly
prepared 103 M DMSO solution using Systronics 305 con-
ductivity metre. The electronic spectra of the complexes were
recorded on Perkin–Elmer 402 spectrometer. The IR spectra
of the samples were recorded on a Perkin–Elmer 783 spec-
trometer as KBr discs. The ESR spectra of the complexes
were recorded in DMSO on Varian ESR spectrometer.
TGA and DTA were recorded on Perkin–Elmer 7 series
thermal analyser equipped with Pyres software under aof Cu(II) with amp, gly, 2aba, 3aba, dp, tp, dapa, daba & orn(B)
dpc tpc dapac dabac ornc
9.87(9) 9.99(8) 9.37(2) 9.93(2) 10.22(1)
17.01(9) 18.31(9) 15.97(3) 18.02(4) 18.85(2)
– – 17.37(5) 19.88(6) 20.99(4)
– – 15.37(4) 16.99(3) 17.67(2)
10.45(3) 9.47(8) 10.61(4) 10.94(3) –
– – – – –
– – 30.16(5) 32.92(4) 34.32(3)
– 22.12(9) 25.32(6) 26.89(4) 26.12(6)
19.33(5) 16.92(9) 20.18(5) 19.15(9) –
– – 4.76 6.05 –
– 5.20 5.14 7.74 –
– – – – –
8.88 7.45 9.57 8.21 –
dp, tp, dapa, daba & orn(B) ternary complex systems at 37 oC,
arenthesis.
tp dapa daba orn
– 20.18(8) 22.64(12) 23.58(8)
6(8) 14.61(8) 15.71(8) 16.06(9) –
(8) 8.21(8) 9.18(9) 9.49(9) –
– 4.47 6.58 –
6.40 5.90 6.57 –
6 9.71 10.67 11.16 –
5.14 5.10 5.12 –
– 4.81 5.65 5.91
9 9.78 10.75 11.06 –
– 0.09 0.75 –
0.24 0.20 0.22 –
0.31 0.14 0.12 –
250 S. Regupathy, M. Sivasankaran Nairdynamic ﬂow of nitrogen (10 L/min) and heating rate of
10 C/min from ambient temperature to 700 C. Cyclic vol-
tammetric data of the complexes in MeCN were collected
using BAS C.V 50 electrochemical analyser. The three-elec-
trode cell contains a reference Ag/AgCl electrode, Pt wire
auxiliary electrode and glassy carbon working electrode.
[Me4N]ClO4 was used as supporting electrolyte and all the
potentials are referred to Ag/AgCl.
The in vitro growth inhibitory activity of the Cu(II)-
amp(A)–gly, 2aba, dapa & orn(B) complexes were tested
against bacteria S. typhi, yeast S. cereuisae by agar diffusion
method (Pelczar et al., 1998) and fungi L. theobrome and F.
oxysporum by potato dextrose agar method (Pelczar et al.,
1998) using agar as nutrient. The standard drug sulfathiazole
dissolved in DMF, which acts as control was also tested at
the same concentration under the conditions similar to that
of the complexes. The liquid medium containing the bacterial
subcultures were auto cleaved for 20 min at 121 C at 15 lb
pressure before incubation. The bacteria were incubated in
Nutrient Broth at 37 C for 24 h, and the fungi and yeast were
incubated in Sabouraud Dextrose Broth (SDB) at 25 C for
48 h. The bacteria, fungi and yeast were injected into petri
dishes (100 · 70 mm) in the amount of 0.01 cm3; 15 ml of po-
tato dextrose agar were homogenously distributed onto the
sterilized petri dishes. All the complexes were injected into
empty sterilized antibiotic discs having the diameter of 6 mm
in the amount of 30 ml. The complexes were dissolved in
DMF to a ﬁnal concentration of 2000 ppm and soaked in ﬁlter
paper. The petri dishes were kept at 4 C for 2 h, plates inocu-
lated with fungi and yeast were incubated at 25 C for 24 h.
The width of the growth inhibition zone around the disc was
measured after 24 h incubation and the activity of each treat-
ment was made in duplicate.
The cleavage of CT DNA by the Cu(II)-amp(A)–gly, 2aba,
dapa & orn(B) complexes was determined by agarose gel elec-
trophoresis experiment by incubation of the samples containing
CT DNA, and H2O2 in Tris–HCl/NaCl buffer at 37 C for 2 h.
After incubation, the samples were electrophoresed for 2 h at
50 V on 1% agarose gel using tris-acetic acid-EDTA buffer.
The gel was then stained using ethidium bromide and photo-
graphed under ultraviolet light at 360 nm.3. Results and discussion
3.1. Ternary complex equilibria
The Cu(II)-amp(A)–gly, 2aba, 3aba, dp & tp(B) systems
showed the presence of CuAB and CuABH1 species, while
in the Cu(II)-amp(A)–dapa & daba(B) systems, CuABH,
CuAB and CuABH1 species have been detected. The Cu(II)-
amp(A)–orn(B) system showed the presence of only CuABH
species.
3.2. Structure and stability of CuAB, CuABH and CuABH1
The log KCuBCuAB values (Table 2) compare favourably to each
other indicating similar type of binding of amp (A) in CuAB
in all the systems i.e. amp(A) is bidendate in the ternary species
as its binding in its binary species (Regupathy andNair, 2010).
The log KCuACuAB values (Table 2) for Cu(II)-amp(A)–gly, 2aba,3aba, dp & tp(B) systems correspond to the bidendate binding
of gly, 2aba, 3aba, dp & tp in the respective CuAB complexes.
The bidendate binding of both amp(A) and gly, 2aba, 3aba, dp
& tp(B) ligands in the CuAB species in Cu(II)-amp(A)–gly,
2aba, 3aba, dp & tp(B) system reveals a tetra coordination
to the metal ion. The log bCuAB values (Table 2) in Cu(II)-
amp(A)–dapa(B) system is higher than that in Cu(II)-amp
(A)–gly, 2aba & dp(B) systems suggesting tridendate binding
of dapa in its CuAB species. Similarly, the log bCuAB values
(Table 2) in Cu(II)-amp(A)–daba(B) system is higher than that
in Cu(II)-amp(A)–3aba & tp(B) systems suggesting tridendate
binding of daba in its CuAB species.
The Dlog KCuAB (= log bCuAB  (log KCuA + log KCuB))
values (Table 2) calculated in all the systems are positive,
indicating that ligand B adds on to CuA binary species
rather than to the aquated metal ion (Sigel, 1975, 1971–
1997). The formation of CuAB species is accompanied by
a colour change in the solution. The 1:1:1 solutions were
found to have a deep greenish yellow colouration at pH
6.0 and the respective kmax values of 584, 576, 582, 590,
586, 660 and 658 nm were observed, respectively, for the
complexes with B = gly, 2aba, 3aba, dp, tp, dapa & daba.
The absorbance of the solutions increases with the rise in
pH, but the kmax value remained unaltered.
The CuABH species has been detected in the ternary com-
plex systems with B = dapa, daba & orn and their formation
have been found to be favoured in the pH range of 3.5–5.0.
The proton in CuABH can be attached to amp(A) or to
dapa/daba/orn(B) because both in Cu(II)-A and Cu(II)-B bin-
ary systems protonated binary complexes have been detected
(Table 1). The pKHCuABH values in Table 2 follow the trend of
corresponding pKHCuBH values in Table 1. This demonstrates
that the extra proton in CuABH species resides with ligand
B, possibly to its terminal amino group as in the case of its bin-
ary protonated species Nair et al. (1982). The Dlog KCuABH
values in Table 2 indicate marked stabilisation of the proton-
ated ternary complexes compared to the binary analogues Sigel
(1975).
The CuABH1 species has been detected in the Cu(II)-
amp(A)-gly, 2aba, 3aba, dp, tp, dapa & daba(B) systems. Since
only in the Cu(II)-amp(A) binary system deprotonated species
has been detected, it can be concluded that the deprotonation
occurs with amp(A) ligand in CuABH1 species. The
log KCuAH1CuABH1 values (Table 2) in all these systems bear favour-
able comparison to the corresponding log K1 values in the
Cu(II)-gly, 2aba, 3aba, dp, tp, dapa & daba(B) systems. This
demonstrates the same mode of binding of B in both the
CuB binary and CuAH1B species ternary species.3.3. Species distribution diagram
The species distribution diagram for all the systems under
investigation has been obtained for different metal to ligand
A and B ratio solutions. The CuABH species has been
found to be maximum favoured in the pH range of 4.0–
5.0 and accounted a maximum of 50% of the total metal
ion. As the pH increases the CuAB species has been found
to be generally favoured and accounted upto 60% of the to-
tal metal ion in 1:1:1 system. With further increase of pH,
the concentration of CuAB species decreases and the
CuABH1 species has been found to be maximum and ac-
Figure 2 Species distribution diagrams of (a) Cu(II)-amp(A)–
gly(B) (b) Cu(II)-amp(A)–daba(B) complex system.
Studies on some ternary complexes of copper(II) involving an amino penicillin drug 251counted upto 70% of the total metal ion. In order to show
the qualitative trends found in the species distribution dia-
grams, the plots obtained in the Cu(II)-amp(A)-gly & da-
pa(B) systems are given in the Fig. 2(a) and (b).
3.4. Solid state studies
All the complexes prepared are insoluble in water and common
non polar solvents like benzene and ether. They are soluble in
methanol, ethanol, dimethyl sulphoxide and acetonitrile. The
colour, melting point, elemental analytical data, magnetic sus-
ceptibility data and molar conductance of the complexes are
given in Table 3. Elemental analysis data are consistent with
the formulation of CuAB in the Cu(II)-amp(A)–gly, 2aba,
dapa & orn(B) systems. This is reasonable, because the species
distribution diagrams in all these systems demonstrate thatTable 3 Elemental analysis, molar conductivity and melting point
Compound/species Colour Empirical
formula
Yield
(%)
Found
C
Cu(II)-amp(A)–gly(B) Pale
greenish
yellow
CuC20H26N4SO8 72 43.77
(43.99
Cu(II)-amp(A)–2aba(B) Pale
greenish
yellow
CuC22H30N4SO8 68 45.88
(46.03
Cu(II)-amp(A)–dapa(B) Greenish
yellow
CuC23H33N5SO10 69 43.08
(43.29
Cu(II)-amp(A)–orn(B) Greenish
yellow
CuC25H37N5SO10 71 45.08
(45.28CuAB species is predominantly formed at around pH 6.0.
The molar conductance of the complexes in DMSO for
103 M solutions at room temperature is low, which indi-
cates the non-electrolytic nature of the complexes. The leff val-
ues for the Cu(II)-amp(A)–gly, 2aba, dapa & orn(B) complexes
fall in the range of 1.86–1.98 BM, which are characteristic of d9
Cu(II) complexes (Figgis and Lewis, 1990). The magnetic mo-
ment observed in these complexes indicate that they are para-
magnetic and mononuclear which is further supported by the
elemental analysis data.
3.4.1. IR spectra
The spectrum of amp(A) shows bands at 3400 and 1600 cm1,
respectively, for amino and imido groups (Nakamoto, 1986).
These were shifted to 3340 and 1630 cm1 suggesting the bind-
ing of amino and imido groups with the metal in CuAB spe-
cies. The band at 1595 and 1316 cm1 for CuAB both with
B = gly & 2aba is typical for the asymmetric and symmetric
vibration of the coordinated carboxylato group, conﬁrming
the coordination of the carboxylato group (Nakamoto, 1986)
of the amino acid (B). The dapa ligand shows absorption
bands in the region of 1320 and 1565 cm1. These are charac-
teristics of carboxylic acid group of the ligand (Nakamoto,
1986; Ragot et al., 2002). They remain unaltered in the CuAB
complexes in Cu(II)-amp(A)–dapa(B) system suggesting the
non-involvement of carboxylic acid group in coordination.
However, in the solution state the results indicate that the da-
pa(B) ligand binds the metal in tridentate manner in the CuAB
complexes, probably in a very weak mode. The CuAB com-
plexes with B = gly, 2aba, dapa & orn show a band, respec-
tively, at 3285, 3280, 3270 and 3260 cm1. These are
characteristics of amino group (Nakamoto, 1986; Biradar,
et al., 1984) of ligand B, demonstrating the coordination of
amino group of B ligand with the metal. In the low frequency
region, the band observed in the 438–410 and 516–505 cm1
region is, respectively, attributed to (Cu–N) and (Cu–O)
stretches (Biradar et al., 1984 and Abd El Fatah Ouf et al.,
2010). The CuAB (B = gly, 2aba, dapa & orn) complexes
show medium intensity bands at 1610, 1615, 1605, 1620 cm1
and 1340, 1325, 1320, 1335 cm1, which can be assigned,
respectively, to ca(CH3COO
) and cs(CH3COO
). The differ-
ence between ca and cs are 280 cm1, which is higher than
uncoordinated acetate ion (140 cm1) and bidendate binding
of acetate ion (210 cm1) (Sonmez and Sekerci, 2004). Thisof the CuAB ternary complexes.
(calcd.) % leﬀ
(B.M.)
Km
(X1 cm2 mol1)
· 104
Melting
point
(oC)
H N M
4.69 10.09 11.38 1.86 0.56 181–184
) (4.76) (10.26) (11.64)
5.09 9.60 10.86 1.88 0.64 179–182
) (5.23) (9.76) (11.07)
5.11 10.97 9.89 1.93 1.647 185–188
) (5.20) (11.03) (10.01)
5.42 10.38 9.41 1.97 1.768 187–190
) (5.58) (10.56) (9.58)
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Figure 3 Proposed structure CuAB species in (a) Cu(II)-
amp(A)–gly(B) and (b) Cu(II)-amp(A)–dapa(B) systems in solid
state.
Table 4 Electronic absorption spectral data of CuAB complexes at 300 K.
Species kmax (nm) in ethanol Band assignments Geometry
Cu(II)-amp(A)–gly(B) 612 2B1gﬁ 2Eg Square pyramidal
Cu(II)-amp(A)–2aba(B) 606 2B1gﬁ 2Eg Square pyramidal
Cu(II)-amp(A)–dapa(B) 652 2Egﬁ 2T2g Distorted octahedral
Cu(II)-amp(A)–orn(B) 648 2Egﬁ 2T2g Distorted octahedral
252 S. Regupathy, M. Sivasankaran Nairindicates the monodentate binding of acetato group. The
source of the acetate group in the complexes is from the metal
salt used for the preparation of the complexes.
3.4.2. Electronic spectra
The electronic absorption spectra of the Cu(II)-amp(A)-gly,
2aba, dapa & orn(B) systems were recorded at 300 K using
ethanol as solvent. The absorption region assignment and
geometry of the complexes are given in Table 4. In the
Cu(II)-amp(A)-gly & 2aba(B) complexes the absorption,
respectively, at 612 and 606 nm were observed for the elec-
tronic transition 2B1gﬁ 2Eg favouring a square pyramidal
geometry (Azza Abu-Hussen and Linert, 2009). The Cu(II)-
amp(A)-dapa & orn(B) ternary complexes, respectively, show
the absorption at 652 and 648 nm regions for the electronic
transition 2Egﬁ 2T2g suggesting distorted octahedral geome-
try (Dunn, 1960; Lever, 1971). The broadness and position
of the band favour distorted octahedral geometry due to
Jahn–Teller effect. The proposed structure of the CuAB spe-
cies in Cu(II)-amp(A)-gly & dapa(B) systems are given in
Fig. 3(a) & (b).
3.4.3. Thermal analysis
The TG/DTA analysis of Cu(II)-amp(A)-gly & dapa(B) com-
plexes were carried out and the results are shown in the Table
5. The thermatogram of Cu(II)-amp(A)–dapa(B) as a represen-
tative example is shown in Fig. 4. The results show that the
complexes decompose in three steps. In Cu(II)-amp(A)–gly(B)
complex, the ﬁrst step within the temperature range of 180–
260 C brings about a mass fraction loss of 10.5% with an
endothermic peak. This mass loss corresponds to the removal
of acetato anion (El-Baradie et al., 1994) attached to the metal
ion. The second step within the temperature range of 310–
420 C corresponds to the elimination of gly ligand with a
mass loss of 12.5%. The ﬁnal decomposition step in the tem-
perature range of 450–575 C includes the thermal decomposi-
tion of complex and loss of their organic portion (63%) with
the formation of the metal oxide from which the metal content
was calculated (10.6%). The analysis suggests the formation ofTable 5 Thermal decomposition of CuAB complexes.
Process Temp
[Cu(amp)(gly)(OAc)]ﬁ [Cu(amp)(gly)] 180–2
[Cu(amp)(gly)]ﬁ [Cu(amp)] 310–4
[Cu(amp)]ﬁ CuO 450–5
CuO –
Cu(amp)(dapa) (OAc)2]ﬁ [Cu(amp)(dapa)] 175–2
[Cu(amp)(dapa)]ﬁ [Cu(amp)] 300–3
[Cu(amp)]ﬁ CuO 500–5
CuO –metal oxide as the end product from which the metal content
was calculated and compared with that obtained from analyt-
ical determination. In the Cu(II)-amp(A)–dapa(B) complex,
the ﬁrst step brings about a mass fraction loss of 16.8% within
the range of 175–240 C. This mass loss corresponds to the
elimination of two units of acetate moiety attached to metal
ion. The second step within the temperature range of
300–350 C brings about a mass fraction loss of 16%, whicherature range (C) % Mass loss found (calcd)
60 10.5 (10.8)
20 12.5 (13.7)
75 63 (64.1)
28
40 16.8 (17.1)
50 16.0 (16.4)
80 54.0 (55.2)
27.8
Figure 4 Thermal analytical curve of CuAB species in Cu(II)-amp(A)–dapa(B) system.
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thermal decomposition of complex and loss of ligand (54%)
with a formation of the metal oxide and the metal content
was found to be 9.8%.3.4.4. ESR spectra
The X band ESR spectra of the Cu(II)-amp(A)-gly & dapa(B)
complexes were recorded in DMSO at 300 and 77 K and the
ESR spectrum of Cu(II)-amp(A)–gly(B) is shown in the
Fig. 5. The spin Hamiltonian parameters calculated are given
in Table 6. The spectra of the complexes at 300 K show one in-
tense absorption band in the high ﬁeld and are isotropic due to
the tumbling motion of the molecules. However, four well re-
solved peaks with low intensities in the low ﬁeld region and
one intense peak in the high ﬁeld region were observed in
the frozen state (Fig. 5). No band corresponding to
ms = ±2 transition was observed in the spectra, ruling out
any Cu–Cu interaction. The g values of Cu(II) complex can
be used to derive the ground state. From the observed values
in Table 6, it is clear that Ak > A? and gk > g? indicating
the unpaired electron to lie in the dx2y2 orbital with
2Eg as
ground state in the complexes (Azza Abu-Hussen and Linert,
2009). The g values are related with exchange interaction cou-
pling constant (G). If the G value is larger than four, the ex-
change interaction is negligible because the local tetragonal
axes are aligned parallel or slightly misaligned and the G value
of less than four demonstrates the exchange interaction to be
considerable and the local tetragonal axes to be misaligned
(Anthonisamy et al., 1999). In the present Cu(II) complexes,
the G value is 5.5 suggesting the local tetragonal axes to be
aligned parallel or slightly misaligned and consistent with a
dx2y2 ground state. The covalent bonding parameters a
2 (in-
plane r bonding), b2 (in-plane p bonding) and c2 out of plane
p bonding) were also calculated. The a2 value of 0.5 indicates
complete covalent bonding, while the value of a2 equal to 1.0
suggests complete ionic bonding (Drago et al., 1983). The a2
values in Table 6 suggest that the complexes have more cova-
lent character. The b2 and c2 values indicate that there is an
interaction in the out of plane p bonding between metal ionand ligand. This is also conﬁrmed by orbital reduction factors
(West, 1984) calculated. The trend that Kll < K? implies a con-
siderable in-plane p bonding and Kll > K? shows out of plane
p bonding between metal ion and ligand. The Kll and K? val-
ues in Table 6 suggest a out of plane p bonding in metal ligand
interaction (Hathaway and Tomlinson, 1970). The linear cor-
relation between g|| and A|| values have been used to evaluate
the degree of distortion in the Cu(II) complexes. The empirical
ratio g||/A|| calculated for Cu(II)-amp(A)–gly(B) and Cu(II)-
amp(A)–dapa(B) complexes is 158 and 162 cm1 respectively,
indicating a distorted geometry (Hathaway and Tomlinson,
1970).
3.4.5. Electrochemical behaviour
The electrochemical properties of Cu(II)-amp(A)-gly & da-
pa(B) complexes have been studied by cyclic voltammetry
in MeCN. The cyclic voltammetric data obtained for these
complexes are of similar type and are given in Table 7.
The cyclic voltammogram of Cu(II)-amp(A)–gly(B) complex
is shown in Fig. 6. The voltammogram of the complexes
shows a well deﬁned redox process corresponding to the for-
mation of Cu(II)/Cu(I) at 0.24 and 0.22 V, respectively,
during the cathodic potential scan and the associated peak
for Cu(I)ﬁ Cu(0) at 0.84 and 0.74 V, respectively, are as-
signed to the direct oxidation of Cu(0)ﬁ Cu(II) (Roositer
and Hamilton, 1986). The separation between the cathodic
and anodic peak potentials DEp of 0.18 and 0.22 V indicate
a quasi-reversible redox process assignable to Cu(II)/Cu(I)
couple (Jeyasubramanian et al., 1996) and the cathodic to
anodic peak currents (Ipa/Ipc 1) corresponding to a simple
one electron process.
3.4.6. Antimicrobial studies
The antimicrobial activity of the Cu(II)-amp(A) binary com-
plex and Cu(II)-amp(A)-gly, 2aba, dapa & orn(B) ternary
complexes were tested against bacteria S. typhi, yeast S. cereui-
sae and fungi L. theobrome and F. oxysporum. The zone inhi-
bition against the growth of bacteria, yeast and fungi for the
ligands, control, binary and ternary complexes is given in
Table 6 The spin Hamiltonian parameters of CuAB complexes in DMSO at 77 K.
Complex A · 104 cm1 gk g? giso a
2 b2 c2 Kll Kk gk=Ak G
Ak A? Aiso
Cu(II)-amp(A)–gly(B) 138 82 102 2.26 2.02 2.12 0.70 0.85 0.61 0.59 0.43 158 5.4
Cu(II)-amp(A)–dapa(B) 136 94 114 2.25 2.06 2.03 0.69 0.84 0.76 0.57 0.52 162 5.5
Figure 5 ESR spectrum of CuAB species in Cu(II)-amp(A)–gly(B) system at (a) 300 K (b) 77 K.
Table 7 Cyclic voltammetric data of CuAB complexes in MeCN.
Complex Couple Epc (V) Epa (V) DEp (V) Ipc (lA) Ipa (lA) Ipc/Ipa
Cu(II)-amp(A)–gly(B) Cu(II)/Cu(I) 0.22 – 11.26 – 1.02
Cu(I)/Cu(0) 0.82 – 0.19 11.22 – 1.01
Cu(0)/Cu(II) 0.44 – 11.2
Cu(II)-amp(A)–dapa(B) Cu(II)/Cu(I) 0.21 – 11.58 – 1.03
Cu(I)/Cu(0) 0.75 – 0.21 11.40 – 1.01
Cu(0)/Cu(II) – 0.46 – 11.6
254 S. Regupathy, M. Sivasankaran NairTable 8. The results show that the inhibition zone of ternary
complexes is higher than that of ligand, control and binary
complex. The increased activity of ternary complexes than bin-
ary complex and control can be explained on the basis of Over-
tone’s concept (Anjaneyulu and Rao, 1986) and Tweedy’s
chelation theory (Mishra and Singh, 1997).3.4.7. DNA studies
The oxidative CT DNA cleavage activity of Cu(II)-amp(A)
and Cu(II)-amp(A)-gly, 2aba, dapa & orn(B) complexes was
studied using gel electrophoresis and the respective photo-
graph is shown in Fig. 7. The cleavage efﬁciency of the com-
plexes is compared with that of control DNA to study the
Figure 6 Cyclic voltamogram of CuAB species in Cu(II)-amp(A)–gly(B) system.
Table 8 Biological activity of the CuAB complexes by agar diffusion method (zone formation in mm).
Complex Inhibition zone formation (mm)
S. typhi S. cerevisae L. theobrome F. oxysporum
Control (Sulfathiazole + DMF) 5.5 4.3 3.6 3.9
Cu(II)-amp(A) CuA2 7.9 7.2 6.0 6.2
Cu(II)-amp(A)–gly(B) 8.3 7.6 6.2 6.5
Cu(II)-amp(A)–2aba(B) 8.6 7.8 6.7 7.1
Cu(II)-amp(A)–dapa(B) 8.8 7.9 6.7 7.2
Cu(II)-amp(A)–orn(B) 9.1 7.9 6.9 7.6
Figure 7 Changes in the agarose gel electrophoretic pattern of
calf-thymus DNA induced by ternary complexes in the presence of
H2O2.
Studies on some ternary complexes of copper(II) involving an amino penicillin drug 255binding ability. The experiment with control DNA does not
show any signiﬁcant cleavage of CT DNA. From Fig. 7, it is
clear that the metal complexes show higher ability to cleave
CT DNA than the control and the ternary complexes show
higher ability to cleave CT DNA than binary complex. This
is due to the higher binding ability of ternary complexes with
DNA. Further, the presence of smear in the gel diagram indi-
cates the radical cleavage (Zhang and Lippard, 2003) by the
abstraction of hydrogen from sugar units of DNA. The metal
complexes are able to convert super coiled DNA into open cir-
cular DNA (Zhang and Lippard, 2003). The reaction is mod-
ulated by the metallocomplexes bound hydroxyl or peroxo
radical generated from the oxidant H2O2.
4. Conclusion
The equilibrium studies on the Cu(II)-amp(A)-gly, 2aba, 3aba,
dp, tp, dapa, daba & orn(B) ternary complex systems at 37 C
and I= 0.15 mol dm3 (NaClO4) show that the ternary com-
plex species are, in general, of higher stability compared to the
binary analogues. The results indicate the coordination mode
of ligands A and B to be same both in the binary and ternary
complex species. The CuAB ternary complexes were synthe-
sized and characterized using micro analytical and spectral
256 S. Regupathy, M. Sivasankaran Nairtechniques. The results indicate square pyramidal geometry for
CuAB with B = gly/2aba complexes and distorted octahedral
geometry for CuAB with B = dapa/orn. The ESR data indi-
cate the unpaired electron to lie in the dx2y2 orbital. The ther-
mal studies show that the complexes are non-hydrated and
possess high stability. The antimicrobial studies and CT-
DNA cleavage analysis demonstrate higher activity for the ter-
nary complexes compared to binary complex.Acknowledgement
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